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INTRODUCTION. 
In  a  previous  publication  I  one  of  the  writers,  in  collaboration  with  Gelat, 
showed that  the intravenous injection of horse serum kept for 2 hours at 38°C. 
in the presence o£ one-fifth of its volume of a suspension of 0.5 per  cent  agar in 
physiological salt  solution, and then  separated  from the  agar by centrifugaliza- 
tion and filtration,  produces  in  normal  rabbits,  when administered in adequate 
doses, the same symptoms that  are observed  after the  intravenous  injection of 
horse serum in a sero-anaphylactized rabbit. ~ 
In these experiments it was also seen that the filtrate from the control mixture 
of agar and physiological salt solution sometimes produces a  pronounced fall in 
the  arterial  pressure.  This  fall  differs,  however,  from  that  caused  by  serum 
treated with agar,  since in the first instance the pressure  returns  comparatively 
rapidly to its initial  level,  whereas in the second it  remains  for a  long time  at 
quite a  low level. 
Border has  shown, in cooperation with one of us,  a that  it  is possible  to pre- 
pare  from  the  relatively  nitrogenous  agar  a  product  named  paraxabin,  which 
constitutes a portion of the carbohydrates of agar and is practically free of nitro- 
gen.  Guinea pig serum kept for 2 or 3 hours at 37°C. in the presence of pararabin 
and then separated by centrifugalization and filtration from the sediment of the 
pararabin  causes,  on intravenous injection into a normal  guinea pig,  the  same 
symptoms  that  are  produced  by  serum  similarly  treated  with  agar;  namely, 
tremors,  dyspnea,  micturifion,  and  death  after  a  few  minutes.  At  autopsy, 
which was performed at once, dilatation of the lungs with hemorrhagic areas vary- 
ing in size and number, persistence of the heart beat, and a  marked retardation 
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of the coagulation of the blood were observed.  Guinea pig serum treated with 
pararabin also produces in normal guinea pigs the same symptoms as the intra- 
venous injection of a heterologous serum into guinea pigs sensitized by previous 
subcutaneous  or intraperitoneal injection of this heterologous serum. 
It  seemed  to  us  important  to  investigate  whether  the  identical 
results  observed  in  guinea  pigs  after  the  intravenous  injection  of 
serum  treated  with  agar  or  with  pararabin  exist  also  in  rabbits  in- 
jected  with  horse  serum  treated  with  agar  or with  pararabin. 
Technique. 
The suspension of pararabin was prepared in exactly the same manner as the 
suspension  of  agar  in  the  above  mentioned  experiments of  Zunz  and  Gelat.  1 
1 gm. of pararabin was dissolved by heating in 200 cc. of physiological salt solu- 
tion.  This  solution  was  distributed in  test-tubes  in  portions  of  10  cc.,  after 
which the test-tubes were sterilized and sealed.  Upon cooling, a  soft jelly was 
formed,  which  was  transformed,  by means  of vigorous shaking,  into  a  homo- 
geneous suspension of pararabin. 
To 50 cc. of horse serum were added in each experiment 10 cc. of a suspension 
of pararabin; i.e., five parts of serum to one of pararabin.  In addition, we pre- 
pared the four following control mixtures: 
1.  50 cc.  of normal horse  serum plus  10  co.  of physiological salt solution. 
2.  30 cc. of' physiological salt solution plus 10 cc. of a  suspension of 0.5  per 
cent pararabin. 
3.  30 cc. of horse serum kept for 30 minutes at 36°C. plus 10 cc. of physiologi- 
cal salt solution. 
4.  30 cc. of horse serum kept for 30 minutes at 56°C.  plus 10 cc.  of a  sus- 
pension of 0.5 per cent pararabin. 
The five mixtures were kept in weal corked Erlenmcyer flasks for 2 hours at 
38°C.  Each  mixture  was  then  submitted to rapid centrifugalization and  then 
to  filtration.  Thus,  the  pararabin  contained  in  the  test  mixture  and  in  the 
second and fourth of the control mixtures was removed.  In each series of experi- 
ments, five filtrates were obtained in this way.  Each filtrate was injected into 
the marginal vein  of  the ear of  a  normal  rabbit..The  respiration was regis- 
tered by Verdin's recording tambours,  connecting with a  Marey tambour,  and 
the carotid pressu¢e by Verdin's registering hemadynamometer.  Franck's can- 
nula was used.  As an anticoagulant a  solution of 1,000  cc. of water, 65 gin. of 
sodium bicarbonate, and 15 gin. of magnesium' sulphate was employed.  In order 
to estimate the coagulability of the blood, we discarded the first few cubic centi- 
meters of carotid blood, contaminated by mixture with the anticoagulant solu- 
tion.  The blood was collected from the carotid directly into a  porcelain vessel 
without touching the wound.  The time necessary for the formation of the first 
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EXPERIMENTAL. 
We performed only the  two series of experiments described below. 
In both series intravenous injections were made in normal rabbits. 
First Series of Experiments. 
Experiment 1.--A rabbit weighing  2,420 gm. received two separate doses of 5 
cc. of serum treated with pararabin.  This dose corresponds to 2.07 ec. per kilo. 
(Table I.) 
TABLE I. 
First Injection of Filtrate  of Normal Horse Serum Treated will, "Pararabin. 
Time after  Arterial  Respiratory  Time after  Arterial  Respiratory 
injection,  pressure,  rate.  injection,  pressure,  rate. 
ra/n. 
Before. 
During. 
½ 
1 
2 
.3 
11.8 
12.0 
11.7 
11.4 
9.6 
8.8 
per rain. 
69 
70 
70 
70 
89 
105 
rain. 
4 
5 
6 
7 
8 
9 
Cm..~g. 
9.0 
9.2 
9.25 
9.4 
9.5 
9.8 
per m~  . 
85 
84 
85 
81 
83 
74 
Second I~ ~ection of Filtrate  of Normal Horse Serum Treated with Pararabin. 
During. 
½ 
1 
2 
3 
4 
10.25 
10.05 
10.8 
10.0 
8.6 
7.7 
74 
75 
74 
76 
92 
90 
5 
6 
7 
8 
9 
10 
7.6 
7.8 
7.7 
7.7 
8.0 
8.1 
91 
103 
107 
97 
91 
87 
The  first  injection  of  serum  treated  with  pararabin  produced  a 
slight  temporary  rise  of  the  blood  pressure,  occurring  during  the 
period  of injection.  This  was  succeeded  by a  fall  which  3  minutes 
after the injection attained 3.2  crn. of mercury.  Thereafter the pres- 
sure  gradually  rose  again.  The  respiration  showed  an  acceleration, 
the  maximum  of  which  corresponded  with  the  minimum  arterial 
pressure. 
The second serum injection produced a  rise in the arterial pressure 
during  the  first minute  following  the  injection,  which  then recorded 
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lowest  level  5  minutes  after  the  injection.  This  corresponds  to  3.2 
crn.  of  mercury,  if  the  starting  point  is  taken  as  the  maximum  of 
pressure  observed  after  the  second  injection;  but  to  4.2  cm.,  if  the 
starting  point  is  taken  to  be  the  level of pressure  registered  at  the 
beginning  of  the  experiment.  After  this  the  pressure  began  to  rise 
by degrees.  The  respiration  showed  a  similar acceleration after the 
second  injection  of  serum  treated  with  pararabin  to  that  after  the 
first.  But this time the maximum respiratory rate was attained only 
7  minutes  after  the  injection  and  in  no  way  corresponded  to  the 
minimum  arterial  pressure.  No  defecation  occurred  after  the  in- 
jection  of  serum  treated  with  pararabin.  Blood  drawn  from  the 
carotid  11  minutes after  the  second injection  showed  the  first fibrin 
formation after  35  minutes.  Coagulation  was  complete  15  minutes 
later,  or 50 minutes after the withdrawal  of the blood. 
Experiment 2.--A rabbit weighing  2,335 gm. received 5  cc.  of serum treated 
with pararabin, followed  11  minutes later by 10 cc. of the same serum.  These 
doses correspond respectively to 2.14 and 4.28 cc. per kilo.  (Table II.) 
TABLE II. 
First Injection of Filtrate  of Normal Horse Serum Treated with Pararabin. 
Time after  Arterial  Respiratory  Time after  Arterial  Respiratory 
injection,  pressure,  rate.  injection,  pressure,  rate. 
rain. 
Before. 
During. 
½ 
1 
2 
3 
9.8 
10.0 
9.95 
9.8 
9.2 
9.25 
per rnin. 
115 
113 
115 
119 
109 
120 
rain. 
4 
5 
6 
7 
8 
9 
10 
cra./]tg. 
9.5 
9.0 
8.6 
8.6 
8.45 
8.45 
8.45 
per rain. 
115 
115 
104 
83 
72 
72 
72 
Second Injection of Filtrate  of Normal Horse Serum Treated with Pararabin. 
During. 
½ 
1 
2 
3 
4 
9.2 
9.0 
9.0 
9.0 
8.9 
8.65 
67 
65 
59 
59 
53 
52 
5 
6 
7 
8 
9 
10 
8.5 
8.4 
8.4 
8.1 
8.0 
8.0 
56 
56 
55 
55 
56 
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During  the injection of serum treated with pararabin  the arterial 
pressure  rose slightly.  It  then  gradually  fell until  8  minutes  after 
the injection it had  reached  a  level  1.35  cm.  of mercury below the 
initial level.  The pressure was maintained at this level for 2 minutes. 
A  second injection  equal to double the first dose of the same serum 
treated  with pararabin  caused  the pressure  to rise 0.75  cm.  of mer- 
cury, after which it again declined.  9 minutes after the second injec- 
tion  it  had  reached  a  level  1.8  cm.  of  mercury  below  the original 
level.  The  respiratory  rate  was  comparatively  rapid  at  the  begin- 
ning of the experiment, but it began to diminish 6 minutes  after  the 
first  injection.  This  retardation  stopped  at  about  the  8th  minute 
following  the  injection.  It  was  resumed  directly  after  the  second 
injection  and  stopped 4  minutes  after the new injection.  After the 
second  injection  there was  an  expulsion  of  twelve  scybala.  Blood 
drawn  from  the  carotid  11  minutes  after  the  second  injection  of 
serum treated with pararabin  showed the first fibrin formation  after 
27 minutes; coagulation was complete 3 minutes later, or 30 minutes 
after the withdrawal of the blood. 
Experiment 3.--A rabbit weighing 1,820 gm. received 10 cc. of serum treated 
with pararabin,  corresponding to 5.49 cc. per kilo.  (Table III.) 
TABLE  HI. 
Injection of Filtrate of Normal Horse Serum  Treated with Pararabin. 
Time after 
injection. 
Be~re. 
During. 
½ 
1 
2 
3 
4 
A~terlal 
pressure. 
Cf1~. Hg. 
10.6 
10.9 
10.7 
10.3 
10.1 
9.6 
9.6 
Respiratory 
rate. 
77 
67 
69 
77 
92 
96 
88 
Time after 
injection. 
5 
6 
7 
8 
9 
10 
11 
12 
Arterial 
pressure. 
Cm. Hg. 
9.6 
9.5 
9.6 
9.6 
9.7 
9.7 
9.8 
9.8 
Respiratory 
rate. 
per rain. 
99 
93 
82 
64 
67 
69 
65 
64 
The  intravenous  injection  of  serum  treated  with  pararabin  pro- 
duced  in  this  case,  after  a  slight  temporary  rise  of blood pressure, 
a  gradual  fall which  6  minutes  after  the beginning  of the injection 
reached a level only 1.1 cm. of mercury below the initial level.  After 216  EF:FECTS OF  SERUM TREATED WITH PARARABIN 
this  the  pressure  rose  again  slowly.  2  minutes  after  the  injection 
the respiratory rate began to increase,  and  this lasted for 5  minutes. 
The respiratory rate  showed  two maxima,  the first occurring  3  min- 
utes  after  the  beginning  of the  injection,  and  the  second  2  minutes 
later.  There  was  no  defecation.  Unfortunately  the  time  required 
for the coagulation of the blood was not recorded. 
Experiment 4.--A rabbit weighing  1,915 gin.  received 5 cc. of a filtrate of par- 
arabin and physiological salt solution; 15 minutes later 5 ce. of a filtrate of serum 
and  physiological  salt  solution  were  given.  This  corresponds  to  2.61 cc.  per 
kilo.  (Table IV.) 
TABLE  IV. 
Injection'of Filtrate of Pararabin and Physiological Salt Solution (Control). 
Time after 
injection. 
m/n. 
Before. 
During. 
½ 
1 
2 
3 
4 
5 
Arterial 
pressure. 
9.0 
9.0 
9.0 
8.95 
8.9 
8.9 
8.8 
8.7 
Respiratory 
rate. 
per .*in. 
44 
43 
45 
46 
45 
44 
48 
44 
Time after 
injection. 
m/n. 
6 
7 
8 
9 
10 
11 
12 
13 
14 
Arterial 
pressure. 
cm. Hg, 
8.6 
8.45 
8.5 
8.3 
8.3 
8.15 
8.0 
8.1 
8.0' 
Respiratory 
rate. 
44 
45 
46 
46 
46 
45 
45 
45 
46 
Injection of Filtrate of Normal Horse Serum and Physiological Salt Solution 
(Control). 
During. 
½ 
1 
2 
8.55 
8.5 
8.45 
8.15 
46 
44 
44 
43 
8.15 
8.1 
8.05 
7.95 
43 
41 
42 
43 
The arterial pressure gradually fell after the injection of the filtrate 
of  pararabin  and  physiological  salt  solution.  This  fall  attained  its 
maximum  (1  cm. of mercury)  12  minutes  after  the  injection.  After 
the intravenous  injection of a  filtrate of serum and physiological salt 
solution,  the  pressure  rose  0.55  cm.  of mercury,  then  gradually fel! 
again.  6 minutes after the second injection the pressure had reached 
1.05  cm. of mercury below the initial level.  At this point the experi- 
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The  respiratory  rate  remained  unmodified  during  the experiment. 
There  was  an  expulsion  of  sex~enteen  scybala  after  the  injection  of 
the filtrate of pararabin and physiological salt solution.  Blood drawn 
from the carotid 7 minutes after the second injection showed the first 
fibrin formation at the end of 12 minutes;  coagulation was complete 
6  minutes later,  or  18  minutes after the  withdrawal  of the  blood. 
Experiment  5.--A rabbit weighing  1,830 gm. received 5  cc.  of the filtrate of 
pararabin and serum heated  to 56°C.,  and  7  minutes later 5  cc.  of filtrate of 
physiological  salt solution and serum heated to 56°C.  This corresponds to 2.73 
cc. per kilo.  (Table V.) 
TABLE  V. 
Injection of Filtrate of Normal Horse Serum Heated to 56°C. and Pararabin 
(Control). 
! 
Time after  Artcrlal  Respiratory  [  Time aft¢~  Arterial  Respiratory 
injection,  pressure,  rate.  [  injection,  pressure,  rate. 
mln. 
Before. 
During. 
½ 
1 
2 
10.4 
10.5 
10.4 
10.3 
10.2 
per mln. 
42 
46 
44 
43 
44 
m/n. 
3 
4 
5 
6 
10.2 
10.2 
10.2 
10.2 
43 
44 
52 
49 
Injection of Filtrate of Normal Horse Serum Heated to 56°C. and Physiological Salt 
Solution  Control). 
During. 
½ 
1 
2 
3 
4 
5 
10.3 
10.1 
10.1 
10.0 
10.0 
9.9 
9.8 
49 
39 
38 
40 
43 
39 
39 
6 
7 
8 
9 
I0 
11 
12 
9.7 
9.4 
9.4 
9.4 
9.4 
9.3 
9.3 
37 
36 
38 
35 
35 
35 
35 
The  injection  of  the  filtrate  of  pararabin  and  serum  heated  to 
56°C.  produced  no  appreciable modification  of  the  arterial  pressure 
or of the respiratory rate.  There was no defecation. 
The injection of the filtrate of physiological salt solution and serum 
heated  to  56°C.  caused  a  depression  of  the  arterial  pressure,  which 
11  minutes  later  reached  1  cm.  of  mercury.  The  respiratory rate 
was slightly retarded.  There was an expulsion of five scybala. 
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tion  showed  the  first  fibrin  formation  at  the  end  of  15  minutes. 
Coagulation  was  complete 3  minutes  later,  or  18  minutes  after  the 
withdrawal  of blood. 
Table  VI  summarizes  the  results  obtained  in  the  first  series  of 
experiments. 
TABLE  VI. 
Summary  of First  Series  of Experiments. 
Amount 
Liquid injected.  Filtrate  per kg. i 
from mixture of.  of liquid 
injected, 
Serum  plus 
arabin. 
CO. 
par-  2.07 
"  "  "  2.07 
"  "  "  2.14 
"  "  "  4~28 
"  "  "  5.49 
Physiological  salt  2.61 
solution plus  par- 
arabin. 
Physiological  salt 
solution  plus  ser- 
um. 
Serum  heated  to 
56°C.  plus  par- 
arabin. 
Serum  heated  to  2.73 
56°C. plus physio- 
logical  salt  solu- 
tion. 
Effects of injection. 
Blood pressure. 
Temporary  rise; 
then  fall of  3.2 
cm. Hg. 
Temporary  rise; 
then fall of  3.2 
cm. Hg. 
Temporary  rise; 
then fall of 1.35 
cm. Hg. 
Temporary 
then fall 
era. ig. 
Temporary 
then  fall 
cm. Hg. 
Immediate  fall of 
1.0 cm. Hg. 
2.61  Temporary  rise; 
then fall of 1.05 
cm. I~.g. 
2.73  No change. 
Immediate  fall of 
1.0 cm. Hg. 
Respiratory rate. 
Acceleration. 
Retardation. 
rise; 
of  1.8 
rise;  Acceleration. 
of  1.1 
No change. 
Retardation. 
Time of co, 
agulation 
after blood 
withdrawal 
0 
0  35  50 
12  27  30 
17  12  18 
5  15  18 EDGARD  ZUNZ  AND  CttARLES  MOHILEVITH  219 
From  results  obtained  with  control  filtrates,  it  appears  that  the 
fall of pressure must exceed 1 cm. of mercury in order that it may be 
considered as a  manifestation of anaphylactic shock.  No importance 
should be attributed to the expulsion of scybala.  But,  on the other 
hand,  every delay in  the  blood  coagulation  and  every acceleration 
of the respiratory rate must be considered as a  result of anaphylactic 
shock. 
Thus, if we admit the above assumptions,  it is seen that the injec- 
tion of a  filtrate of serum kept at 38°C. in the presence of pararabin 
produces  a  distinct  anaphylactic  shock  when  administered  in  doses 
of 2.07  cc. per kilo  (Experiment  1),  and that this effect occurs after 
two successive injections.  No definite statement can be made about 
larger doses. 
Second Series  of ExperimenCs. 
The  second  series,  like  the  first,  represents results  obtained  with 
five normal rabbits. 
Experiment  6.--A rabbit weighing  2,335 gin. was injected with 1 ec. of serum 
treated with pararabin, and 11 minutes later with 2 cc. of the same serum.  These 
doses correspond respectively to 0.43 and 0.86 ce.  per kilo.  (Table VII.) 
TABLE  VII. 
First Injection  of Filtrate of Normal Horse Serum Treated with Pararabin. 
Time after  Arterial  Respiratory  Time after  Arterial  Respiratory 
injection,  pressure,  rate.  injection,  pressure,  r~te. 
m/n. 
Before. 
During. 
½ 
1 
2 
3 
cm. Hg. 
11.8 
11.6 
12.0 
12.0 
11.0 
10.7 
per rain. 
53 
52 
50 
45 
48 
47 
m/n. 
4 
5 
6 
7 
8 
9 
10 
10.8 
10.7 
11.0 
11.0 
10.8 
10.7 
I1.2 
~er ~nin. 
46 
46 
44 
49 
48 
48 
48 
Second Injection of F~ate of Normal Horse Serum Treated with Pararabin. 
During.  11.0  48  3  10.7  46 
½  10.8  48  4  10.6  4,5 
1  11.0  48  5  10.5  45 
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The injection of 0.43  cc.  per  kilo of  the  serum  treated  with par- 
arabin produced a  fall of the arterial pressure  which after 3 minutes 
had reached  1.1  cm. of mercury.  This fall was preceded by a slight 
rise of pressure,  which  followed upon  a  first,  very slight  reduction, 
occurring simultaneously with the injection.  The pressure then grad- 
ually rose, although  a  slight  fall  occurred  during  the  5th  and  9th 
minutes.  The second injection of serum treated with pararabin  also 
showed  a  fall  of  the  arterial  pressure.  After  the  experiment  was 
discontinued,  that  is,  6  minutes  after  the  injection,  this  fall  had 
reached a  level of 0.8 cm. of mercury. 
The respiratory rate  tended to diminish  slightly after each of the 
two injections,  but this phenomenon was hardly perceptible.  Defe- 
cation occurred after the second injection. 
Blood taken from the carotid 7 minutes after the second injection 
showed the first fibrin formation at  the end of 18 minutes;  coagula- 
tion was complete after 7 minutes more; that is, 25 minutes after the 
withdrawal  of the blood. 
Experiment 7.--A rabbit weighing 2,230 gin.  received 2 cc. of serum treated 
with pararabin, or 0.89 cc. per kilo.  (Table VIII.) 
TABLE  VIII. 
Injection of Filtrate  of Normal Horse Serum Treated with Pararabln. 
Time after 
injection. 
Before. 
During. 
½ 
1 
2 
3 
4 
5 
6 
7 
8 
Arterial 
pressure. 
cm. Hg. 
11.7 
11.0 
10.7 
10.3 
10.0 
9.7 
9.4 
9.2 
9.2 
9.2 
9.0 
Respiratory 
rate. 
per r~in. 
70 
69 
67 
73 
67 
79 
82 
76 
72 
69 
67 
Time afte~ 
injection. 
9 
i0 
11 
12 
13 
14 
15 
16 
17 
18 
19 
Arterial 
pre~ure. 
cm. Hg. 
9.0 
9.0 
9.1 
9.15 
9.25 
9.4 
9.3 
9.3 
9.4 
9.3 
9.3 
Respiratory 
rate. 
per rain. 
57 
6O 
59 
58 
56 
54 
54 
54 
5O 
52 
52 
The  arterial  pressure  fell  2.7  cm.  of  mercury  in  8  minutes.  11 
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A  slight acceleration of the respiratory rate was noticeable 3  min- 
utes after the injection, reaching its maximum at the end of the 4th 
minute.  After the 9th minute  the  respiratory  rate  showed signs  of 
diminishing.  Defecation occurred  after  this  injection. 
Blood taken from the carotid 20 minutes after the injection showed 
the  first  fibrin  formation  after  25 minutes.  Coagulation  was  not 
complete until 25 minutes later; i.e., 50 minutes after the withdrawal 
of the blood. 
Experiment  8.--A rabbit weighing 2,020 gin.  received 5 cc. of serum treated 
with pararabin, or 2.47 cc. per kilo.  (Table IX.) 
TABLE  IX. 
Injection  of Filtrate of Normal Horse Serum Treated witk Pararabin. 
Time after  Arterlal  Respiratory  Time after  Arterial  Respiratory 
injection,  pressure,  rate.  injection,  pressure,  r~te. 
mln. 
Before. 
During. 
½ 
1 
2 
3 
4 
5 
6 
7 
8 
G~fl., Hg. 
9.4 
9.0 
9.4 
9.0 
per mln. 
57 
47 
52 
52 
m~n, 
9 
10 
11 
12 
cm. Hg. 
9.4 
9.5 
9.3 
9.3 
9.6  52 
9.8  50 
9.6  52 
9.4  58 
9.6  56 
9.7  60 
9.5  60 
13  9.2 
14  9.3 
15  9.3 
16  9.3 
17  9.3 
18  9.2 
19  9.3 
20  9.4 
per mln. 
53 
55 
53 
51 
52 
52 
53 
54 
53 
54 
54 
54 
The injection of 2.47  cc. per kilo of serum  treated with pararabin 
failed  to  show  any  definite  effects  on  the  pressure.  The  pressure 
first  of  all  fell  0.4  cm. of mercury, then  rose  0.4  cm.; ~it  then  fell 
0.4  cm. again, after which it rose 0.8 cm. of mercury.  Thereafter it 
fluctuated between 0.2  cm.  of mercury above  and  below  the  initial 
level. 
The respiratory rate first slightly diminished,  then 7  to 8  minutes 
after  the  injection rose a  little above  the initial  figure,  after which 
it fell slightly.  No defecation took place. 
Blood taken from the carotid 21 minutes after the injection showed 
the  first  fibrin  formation  after  30  minutes.  Coagulation  was  not 222  EFFECTS  OF  SERUM"  TREATED  WITH  PARARABIN 
complete until  20 minutes  later;  that  is,  50 minutes  after  the with- 
drawal  of the blood. 
Experiment 9.--A  rabbit  weighing  1,970  gin.  was  injected  with  2  cc.  of  the 
filtrate of pararabin and physiological salt solution; 11  minutes later it received 
2  cc.  of  the filtrate of  pararabin  and serum.  This  corresponds  to  1.02  cc.  per 
kilo for each injection.  (Table X.) 
TABLE  X. 
Injection of Filtrate  of Pararabin  and Physiological  Salt Solution  (Control). 
Time after 
injection. 
m~n. 
Before. 
During. 
1 
2 
3 
Arterial 
pressure. 
cm.  Hg. 
10.5 
10.6 
10.6 
10.2 
10.3 
10.1 
Respiratory 
rate. 
per rain. 
42 
43 
44 
42 
42 
39 
Time after 
injection. 
m/n. 
4 
5 
6 
7 
8 
9 
10 
Arterial 
pressure. 
cm. J~g. 
10.0 
9.9 
10.0 
10.0 
10.2 
10.2 
10.2 
Respiratory 
rate. 
per mi•. 
42 
35 
39 
38 
40 
45 
48 
Injection  of Filtrate  of Normal Horse Serum and Pararabin. 
During. 
½ 
1 
2 
3 
10.3 
10.0 
9.9 
10.2 
37 
40 
42 
44 
46 
10.3 
10.5 
10.4 
10.4 
10.2 
10.0 
44 
45 
48 
46 
45 
45 
The  injection  of  the  filtrate  of  pararabin  and  physiological  salt 
solution  at  first  produced  a  slight  temporary  rise  of  the  arterial 
pressure,  which was followed after 5 minutes by a  fall of 0.7  cm.  of 
mercury.  After  this  the  pressure  slowly rose again.  The  injection 
of  the  filtrate  of pararabin  and  serum  also  produced  a  slight  and 
transient  rise  of  the  pressure,  which  occurred  during  the  injection. 
Then for the space of 1 minute the pressure fell 0.5 cm. of mercury, 
and rose to the initial level 4 minutes later,  after which it gradually 
fell  again.  At  the  expiration  of  the  experiment,  which  occurred 
9 minutes  after  the second injection,  a  new fall of the arterial  pres- 
sure had occurred, corresponding to 0.5 cm. of mercury; this fall would 
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The respiratory rate decreased slightly after  the  injection  of  the 
filtrate of pararabin and physiological salt solution.  Later it returned 
to the initial figure and even slightly exceeded it.  During the injec- 
tion of the filtrate of pararabin and serum the respiratory rate dimin- 
ished; later it regained and for a time even slightly exceeded the initial 
figure.  These  modifications  were  not  very  great.  There  was  an 
expulsion of forty-five scybala after the second injection. 
Blood taken from the carotid 10 minutes after the second injection 
showed the first fibrin formation at the end of 45  minutes.  Coagu- 
lation was complete 10 minutes later;  that is,  55  minutes after the 
withdrawal of the blood. 
Experiment  IO.--A  rabbit weighing 2,140 gm. received successively injections 
of each of the following (Table XI): 
1.  2 ee. of a  filtrate of serum and pararabin. 
2.  2  "  "  "  ....  "  heated to 56°C. and pararabin. 
3.  2  "  "  "  ....  "  "  "  56  °"  "  physiological salt solution. 
TABLE  XI. 
Injection of Filtrate of Normal Horse Serum and Pararabin. 
Time after  Arterial  Respiratory  Time after  Arterial  Respiratory 
injection,  pressure,  rate.  injection,  pressure,  rate. 
rain. 
Before. 
During. 
½ 
1 
2 
3 
Cra. ~'g. 
10.7 
10.9 
10.6 
10.6 
10.4 
10.0 
per rain. 
40 
38 
35 
35 
38 
38 
mln. 
4 
5 
6 
7 
8 
9 
cm. ~g. 
10.2 
9.4 
9.2 
9.0 
8.4 
8.8 
per mln. 
35 
39 
36 
43 
42 
43 
Injection of Filtrate of Normal Horse Serum Heated to 56°C. and Pararabin 
(Control). 
During. 
½ 
1 
2 
9.2 
9.4 
9.6 
9.4 
42 
42 
40 
39 
9.6 
9.2 
9.4 
9.2 
9.3 
42 
43 
45 
44 
49 
Injection  of Filtrate  of Normal  Horse  Serum  Heated  to  56°C.  and  Physiological 
Salt Solution (Control). 
During. 
½ 
1 
2 
9.5 
9.4 
9.8 
9.8 
45 
45 
47 
48 
9.8 
10.0 
9.9 
9.9 
48 
49 
50 
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The injection of the filtrate of serum and pararabin produced first, 
simultaneously with the injection, a  temporary and insignificant rise 
of  the  arterial pressure,  and  then  a  fall which reached 2.3  cm.  of 
mercury 8 minutes after the injection.  But, on the other hand, the 
injection of the filtrates of serum heated to 56°C.  and  mixed  either 
with pararabin  or with physiological salt  solution produced rises in 
the arterial pressure attaining, respectively, 0.4 cm. of mercury after 
1 minute and 0.5 cm. after 4 minutes. 
The respiratory rate did not suffer any appreciable modifications, 
although  it  tended  to  diminish  slightly  after  the  injection  of  the 
filtrate of serum  and  pararabin;  it  also  showed signs  of increasing 
after the injection of the filtrates of serum heated to 56°C. and mixed 
either with pararabin  or physiological salt solution. 
There was an expulsion of five scybala following the injection of 
the filtrate of pararabin  and serum heated to  56°C.,  and an expul- 
sion of seven scybala after the injection of the filtrate of physiological 
salt solution and heated serum. 
Blood drawn from the carotid 7 minutes after the third injection 
showed the first fibrin formation after 12 minutes.  Coagulation was 
complete 5 minutes later, or 17 minutes after the withdrawal of the 
blood. 
Table XII shows the results of the second series of experiments. 
In  the second series of experiments we unfortunately omitted  to 
note the action of the filtrate derived from the serum and physio- 
logical salt solution.  But the results obtained with the three other 
control liquids lead us to assume that in all probability this mixture 
would  not  have  caused  a  fall  in  the  arterial  pressure  greater than 
0.5  cm.  of mercury after  a  dose  of  approximately  1  cc.  per  kilo. 
Such, indeed, was observed in Experiment 9, in the case of the filtrate 
of physiological salt solution and pararabin.  The filtrates prepared 
with  the serum heated to  56°C. 
arteria  sure. 
At all  events, in  Experiments 
pararabin produced a distinct fall 
of approximately 1 cc. per kilo. 
this characteristic fall as a  result 
2.47  cc., i.e,  one slightly greater 
caused a  corresponding rise in  the 
7  and  10,  the serum treated with 
in the arterial pressure after a dose 
Experiments 6 and 9 did not show 
of the same dose.  With a  dose of 
than that which, in the first series EDGARD  ZUNZ  AND  CHARLES  MOHILEVITH 
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Summary  of Second  Series  of Experiments. 
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tO 
Amount 
Liquid injected.  PeXo  fkg" 
Filtrate  from  mixture  of.  lig._uld 
jected. 
Serum  plus  par- 
arabin. 
0.43 
"  "  "  0.86 
"  "  "  0.89 
"  "  "  2.47 
Blood l~essure. 
Effects of injection. 
Temporary  rise; 
then fall of  1.1 
cm. Hg. 
Temporary  rise; 
then fall of 0.8 
cm, Hg. 
Fall  of  2.7  cm. 
Hg. 
Immediate  modi- 
fications in both 
directions. 
Physiological  salt  1.02  Temporary  rise; 
solution plus par-  then fall of 0.7 
arabin,  cm. Hg. 
Serum  plus  par-  1.02  Temporary 
arabin,  then fall 
cm. Hg. 
"  "  "  0.93  Temporary 
then fall 
cm. Hg. 
Heated  serum  plus  0.93  Rise  of  0.4  cm. 
pararabin.  Hg. 
Heated  serum  plus  0.93  Rise  of  0.5  cm. 
physiological salt  Hg. 
solution. 
Respiratory rate. 
Very slight  re- 
tardation. 
Slight acceler- 
ation. 
Insignificant 
changes  in 
both  direc- 
tions. 
Slight retarda- 
tion. 
rise;  "  " 
of  0.5 
ri~;  No change. 
of  2.3 
Time  of 
coagulatiot 
after blood 
withdrawal 
-~ 
I 
~in.  rain. 
0 
i  i 
9  18  25 
5  25  50 
0  30  50 
11 
45  45  55 
5 
7  12  17 
of experiments, brought about a fall of pressure of 3.2 cm. of mercury 
and more (Experiment 1),  the intravenous injection of serum treated 
with pararabin was seen to exert no effects on the arterial pressure. 
We  noted  a  retardation  of  the  coagulation  after  each  injection 226  EFFECTS  OF  SERUM  TREATED  WITH  PARARABIN 
of serum treated with pararabin.  This phenomenon was most marked 
in Experiment 9, after the injection of a dose of 1.02 cc. 
Intravenous injections of control filtrates  (Experiment 10)  some- 
times caused the expulsion of several scybala.  It should be stated 
that the only manifestation of anaphylactic shock in this connection 
is  the  expulsion  of  numerous  scybala.  This  occurred  in  only  one 
case out of five (Experiment 9). 
The respiratory rate showed an increase, to a  comparatively slight 
extent, in one out of five experiments (Experiment 7), which repre- 
sented a  dose of 0.89  cc. of serum treated with pararabin. 
DISCUSSION. 
If  one  compares  the results  obtained  in  the  two  series of experi- 
ments, it is seen that the quantity of filtrate derived from the serum 
which had remained at 38°C.  in the presence of pararabin necessary 
to produce anaphylactic shock, varies according to the proportion  of 
serum and of pararabin used, even when apparently identical experi- 
mental conditions are observed.  This quantity is less in the second 
series than  in  the  first.  Each series  appears  to  have  an  optimum 
dose.  When the serum treated with  pararabin  is  injected  intrave- 
nously in quantities either greater or less than the optimum amount, 
it exerts a  slighter  action  than  the  optimum dose,  and  if  it  varies 
considerably from  this  optimum,  it  may even  fail  to  produce  any 
anaphylactic shock whatever in normal rabbits 
On the other hand, if in a  similar series of experiments the same 
dose of serum is treated with pararabin,  the phenomena of anaphy- 
lactic  shock  are  sometimes either  completely or  nearly completely 
absent  (as  in  Experiment 6),  whereas  at  other  times  they can  be 
distinctly observed (Experiment 7).  This is not surprising,  in view 
of  the  fact  that  it  has  long  been known  that  in  all  investigations 
regarding anaphylaxis  there exist great differences between individ- 
ual animals subjected to  the same treatment. 
According to our two series of experiments, the fall in the pressure 
effected by the injection of the filtrate of physiological salt solution 
and pararabin has always been inconsiderable (0.7 cm. of mercury in 
Experiment 9, 1 cm. in Experiment 4), whereas the contrary has some- :EDGARD  ZUNZ  ~  CHARLES  MOI-E[LEVITI-I  227 
times  been  the  case  after  the  intravenous  injection  into  a  normal 
rabbit of a  filtrate derived from a  mixture of agar and physiological 
salt solution.  In the third series of experiments described by Zunz 
and Gelat,  this filtrate when injected in a  dose  of  2.22  cc.  per kita. 
caused in 4 minutes a  fall in the arterial pressure of 7.1 cm. of mer- 
cury, and represented a much greater shock even than that observed 
in the series of experiments with serum treated with agar.  But the 
rate of pressure immediately increased rapidly, contrary to  the phe- 
nomenon observed after  the  intravenous  injection  of  serum  which 
had remained in the presence of agar at 38°C.  for 2 hours.  In the 
three other cases observed by  Zunz  and  Gelat,  the fall of pressure 
was less accentuated after  the  intravenous  injection of the filtrate 
of agar and physiological salt solution; i.e.,  1.3 cm. of mercury in 7 
minutes in Experiment 4,  2.9 cm. of mercury in 8 n~nutes in Experi- 
ment 8, and  1.3  cm. of mercury in 6 minutes in Experiment 12. 
In both series of experiments none of the other phenomena char- 
acteristic of anaphylactic shock were produced after the introduction 
into  the blood stream of the filtrate of pararabin  and physiological 
salt solution. 
It sufficed to heat the serum to 56°C,  for 2 or 3  minutes in order 
that the treatment with pararabin should fail to  give  it  the  power 
of producing the  symptoms  of  anaphylactic  shock  when  injected 
intravenously into  a  normal rabbit. 
To  sum  up,  serum  treated with  pararabin  causes, as does serum 
treated with agar, the phenomena of anaphylactic shock when injected 
into normal rabbits.  In both cases the fall in arterial pressure and 
the retardation of carotid coagulation constitute the essential char- 
acteristics of shock.  But, on the other hand, it is not always possible 
to  detect acceleration of the respiratory rate and excitability of in- 
testinal activity. 
As in  the experiments on the guinea pig made by Bordet in con- 
junction with one of the writers, serum treated with pararabin appears 
to produce a less intense anaphylactic shock in the rabbit than serum 
treated with agar.  But it is not certain that this is really the case. 
For there is no evidence that the proportion of one volume of a  sus- 
pension of 0.5 per cent of pararabin to five volumes of fresh horse serum 
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would be produced by diminishing or augmenting the proportion of 
pararabin. 
At all  events, as  the filtrate derived from the control mixture of 
pararabin  and physiological salt solution causes a  much slighter fall 
in the arterial pressure than the filtrate of physiological salt solution 
and agar, it follows that pararabin and not agar must be employed 
in  subsequent  investigations. 
The best proportions of serum and pararabin, respectively, and the 
optimum duration  of  contact  at  38°C.  should  be  determined first. 
This would necessitate numerous series of experiments.  In each one 
it would be necessary to inject into different rabbits 0.25, 0.50, 0.75, 
1,  1.25,  1.50,  1.75,  and  2  cc.  of  serum  treated  with  pararabin,  as 
well as greater or less quantities,  according to  the results obtained. 
In order to  start from well established facts and  to  avoid  the indi- 
vidual  factor  which is  so  considerable in  all  investigations  of ana- 
phylaxis, it would be well to inject each dose into at least three rab- 
bits.  This would necessitate a  large number of animals, which, un- 
fortunately, we are unable to obtain  under present conditions. 
When  the  appropriate  dose per  kilo  of serum  treated  with  par- 
arabin  has  been  determined,  the  next  step  would  be  to make the 
necessary investigations of similar quantities  of  the  control filtrates, 
at least three normal rabbits being employed for each liquid.  It is 
also  necessary that  only one  liquid  (serum  treated  with  pararabin 
or one of the control filtrates)  should  be  injected into  each animal. 
Only  by this means can reliable results be obtained,  for the experi- 
ments  described  above  have  demonstrated  the  necessity of these 
precautions. 
It should also be mentioned, as has been shown by the experiments 
of Bordet and Zunz, that it is better to employ the homologous serum 
:n the experiments with guinea pigs. 
Although  our  experiments cannot  be looked upon  as  other  than 
purely preliminary attempts,  nevertheless  they confirm  the  results 
obtained  by  Bordet  and  Zunz in  guinea  pigs  injected  with  serum 
kept at 38°C.  in  the presence of pararabin  and  subsequently sepa- 
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Horse serum, kept for 2 hours at 38°C. in the presence of one-fifth 
its  volume of a  suspension  of 0.5  per  cent of pararabiu  in physio- 
logical  salt  solution  and  then  freed by means  of centrifugalization 
and filtration from  the pararabin  produced when injected in appro- 
priate doses into a  normal rabbit,  a  considerable and prolonged fall 
of the blood pressure, a distinct retardation in the coagulation of the 
carotid blood, and sometimes, in addition, acceleration of the respira- 
tory rate and the expulsion of numerous scybala; that is, the various 
symptoms observed to occur after the intravenous injection of horse 
serum in sero-anaphylactized rabbits. 
If the horse serum is first heated for 30 minutes to 56°C. and then 
treated  with  pararabin  in  the manner described  above,  the  intra- 
venous injection of this serum into  a  normal rabbit  exerts no more 
action on the arterial pressure, the coagulability of the arterial blood, 
the  respiratory rate,  and  the  intestinal  activity,  than does normal 
horse serum when introduced into the vein of a normal rabbit. 